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1. INTRODUCTION

"Time series analysis is now widely used in many branches
of engineering, the physical sciences and economics. One Important aspect
of time series analysis is spectral analysis, which is concerned with the
splitting up of time series into different frequency components.
Applications of spectral analysis cover a wide range of problems, for
example, the effect of wave oscillations on the vibration of ships and I
the Influence of disturbances or noise on the performance of electrical

guidance systems and chemical reactors" 11].

This emorandum provides a documentation of a computer
program which uses Advanced Continuous Simulation Language (ACSL*) for
stochastic time series analysis on the ARL DEC System-10 computer. The
formuae and terms used in the program are defined in section 2, while
section 3 provides a description of available lag windows and discusses

. window closing pad window carvanto techniques. An outline of the computer
program SPECAN (LEtral A alysis))is provided in section 4, and an example
of a spectral analysis of a discrete time series using SPECAN is presented
In section 5.

2. DEFINITION OF FONIMLAE AND TERMS USED IN SPECAN

All formulae and term used in the program have been
adapted from Jenkins and Watts (1].

2.1 Nyquist Frequency (f.)

The Nyquist frequency is the highest frequency which can be
detected with data sampled at intervals of A. and is determined by

-N 1/U (1)

2.2 Length of Data Record (T.)

The length of the data record is simply defined by

Ti- NA (2)

where N is the total mber of data points in the record.

2.3 Test for White Noise -.

Situat ions often occur In practice where It Is necessary
to test whether an observed time series could be regarded as a product of
a white oise process. If it is desirale to detect whether nelshbouring

* Mitchell A Gauthier Associates, Inc.
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points of the time series are correlated, then the application of 95%
white noise confidence limits to the autocorrelation function estimate
acts as a useful test for white noise.

952 ITE NOISE CONFIDENCE LIMITS -± 2/0% (3)

2.4 Sample Mean (z)

The sample mean of the complete data series Is defined
by

N (4)

2.5 Deviation (Sd)

The deviation from the mean of each data point is defined
as

i -x i - I .. . (5)

2.6 A-tocovariance Function Estimate (acvf)

If the observations = .z .... z.. come from a discrete time
series, the discrete time autocovarilaca function estimate is

1 N-k
cx M (zi -) (z +k -) (6)

which can be vritten

iN-k
czz d .ad  (7)Cx ~ 1.1 N =l I +k

where k = 0,1 ... N-1.

2.7 Autocorrelation Function Estimate (aef)

mt As It is sometimes necessary to compare two or more time
series with possibly different scales of measurement, estimates of the
discrete time outocorrelatlon function are required rather than estimates
of the serf. Estimates of the aef my be obtained by dividing the above
acvf estimates by the estimate of the varlmace, as follows

c (k)
r (k) C (8)

I -
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where c (k) is defined by equation (7) and the data variance corresponds
to the icvf estimate for zero lag.

Note: For a stationary process, the acf Is a function of the lag k only.
and thus is essentially defined s a normalized acvf.

2.8 Smoothed Spectral Eatimate (SSE)

Since the smoothed spectral estimate Is an even function
of frequency, it is only necessary to calculate it over the range
* c f < f . However, to preserve the Fourier transform relationship
between te sample apectrum and the sample acvf, it is necessary to
double the power associated with each frequency in that range. Hence
the formula generally used to calculate the SSE is

xx(f) - 2L tc(0) + 2 1 (9)
k-I

where 0 4 f 4 fN, L is the truncation lag number, and v(k) is the weighting
function of the lag window, %bile equation (7) need only be computed for
k 0.

For purposes of computation it is more efficient and
convenient to astme A-1, in which case all sets of data may be processed4 | alike. Equation (9) may then take the form

{c((f) 2 + 2 1 c(k)w(k)co2wfk)

where 0 4 f 1/2.

Note: If Ai1. than the estimate obtained by equation (9) can be recovered
from equation (10) by multiplying by A and plotting the estimate against
fA instead of f.

2.9 Smoothed Spectral Density Estimate (SSDR)

If acf'a are used instead of acvf's, the smoothed spectral
density estimate is computed by the following expresalon.

R=(f) a 2 1 + 2 1 r((kIk)co2fk()

where 0 4 f 4 1/2. and r oM(k) is defined by equation (8).

Jenkins amd Utta recommnd that. In order to obtain a
more detailed plot of i M(f). the f values should be calculated at a
spacing I(2F). where F79s 2 or 3 tims L. The final formula for digital
computation of the SSDE is than

~1't
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I_(L) - 2 + 2 k r (k)v(k) coo (12)

where t - 0,1 ... F.

3. LAG WINDOWS

The lag windows available in SPECAI are selected from
those widely used in spectral analysis [1). They are the Tukey, Persen,
Bartlett and Rectangular windows and are plotted in Figure 1, while their
properties are summarized in Table 1. To perform window closing/carpentry
exercises with SPECAN, the logical variables LOOP and FTSPLT must be set
.TR E. at run time. LOOP is defined in SPECAN and allows access to the

window closing/carpentry logic, while FISPLT is an ACSL parameter [2]
which controls the ACSL overlay plot facility. Note that if ITSPLT is
not set .TRUE., it defaults to .FALSE. such that only the results of the
last resolution bandwidth in window closing, or the last lag window in
window carpentry, will he available for plotting. It can he seen from
Figure 2 how window closing/carpentry exercises are effected In the
progran.

As the topic of window carpentry and the effects of window
shape on swoothing are well covered by Jenkins and Watts [11, only an
informative summary of window closing and window carpentry is presented
in this Nemorandum. However, it is important to note that the critical
decision in the design of a spectral analysis Is the choice of window
resolution bandwidth - not the choice of window shape - as will he seen
by exmining the example presented in section 5.

3.1 Window Closing

The main objective of window closing is to aid the physical
insight in the process of estimating and interpreting spectra. It involves
computing smoothed spectral estimates, initially with a wide resolution i
bandwidth, and then using progressively smaller bandwidths, such that the
shape of the spectrum is allowed to evolve. The initial choice of a wide
resolution bandwidth will usually conceal a certain mount of detail in
the spectrum. More significant detail can he studied as the bandwidth Is
reduced until an optimum condition has been achieved where the resolution
bandwidth of the window Is less than the smallest significant detail in
the spectrum.

Practical problems of interpretation my arise due to
instability of the estimates [1). however it Is possible to distinguish
between three types of situation which my occur in practice:

(i) It is somtimas possible to marrow the bandwidth sufficiently
to reveal most of the significat detail without Incurring
Instability.

(Sm) Setims it is clear that in no sme is the spectrum
converting to a stable value.

, I
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(iII) A situation which usually falls somewhere between (1) and (ii).

These situations are all characterized by a tendency forI

the estimates to converge initially. but then to diverge due to instability
before definite conclusions con be draw.

When performing window closing exercises with SPECAN, the
number of resolution bandwidths, HN. desired by the user should be set
In the nominated data file. As the SSDE for each resolution bandwidth
Is computed, M is reduced by one ntil M- at which stage the program

toill terminate.

3.2 W gndov Carpentrydh

Window carpentry relates to the desin of the window which
is to be used in the dowlysis, and therefore is of some importance albeit
econdary to findo closing, as is shown empirically in Jenkins and Watts

Briefly, Jenkins and Watts state thati

(I) Tukey and Parzen windows ve comparable but superior results
to the nartlett window.

(it) Perzen tiindow has saller sidelobe effects th n the Tukey and
tt | ,Bartlett windows, but requires more atocovariances to achieve

b given bandwidth. This means that the spectral estimate will
settle down to a steady value ore quickly by using a Tukey
window rather than a Porzen window.

(ii) The Rectangular window perform badly by exhibiting sch larger
sidelobe effects than any of the Bartlett, to y or Pautenat
r ndows and therefore Its use is not recom nded.

tote: The effect of idelobes is to permit values of the power pectunm
at frequencies distant from f to make larg contributions to the bias at
the frequency f. creating an effect known as "leakage".

When performing window carpentry exercises with SPECAM, MK

mat be set to unty in the nomivated at file at only one resolution
bandwidth in being exmnd.

4. SPECITAL ANALYSIS PRG1 - SE

s i The program desig for us on the ARL DEC System-l-
computer and is structured so that the mjority of computations are
performed in FORTRAN subroutines caolled by the meln program. SPECAN.MS.
Mwe program layout therefore reduces the time required by the ACSL
translator and allos independent access to the spectral analysis equations|
n the subroutines without the wed to re-translae ad thn re-compile~the main program. The dialogue for trmalalting tihe sain progra. compiling

• and loading to obtain the run version of SPW.AS (at the teletype termina)
Is provided in Appendix A.

...........
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The Fourier Transform Is evaluated in this progrsm by
the Jenkins and Watts finite difference algorithm [I (app.7.11, not the
Fast Fourier Transform algorithm.

4.1 Main Program - SPEC~AN.CSL

The main program. SPZCMZ.CSL (the .CSL extension Isrequired by the ACSL translator). In written In ACSL [2] and therefore
opens the ACSL library so that many alternatives for data output and
plotting are readily made available without the need of any additional

* dedicated programming. A working knowledge of ACSL Is assumed.

SPECAN.CSL acts as a co-ordinating centre for all data
and computat ions by calling the subroutines GMTAT. MULCOR and AUSPEC.
confidence limits are calculated directly. A flowchart of SPZCM.CSL

* Is shown in Figure 2.

4.2 Subroutine ZTDA!

As the nae Implies, subroutine GEThAT "gets" the "data"by reading the Input data file specified by the user. and transfers the
data deck and desired lag wIrdow flags into arrays XI(I) and i'd(J)
respectively. GETDAT also calls subroutine FILTER and passes 111(I) for
filtering as desired by the user.

The size of all data arrays Is controlled by a set of
DDIESION statements In the main program. SPEChN.CS. They are currently
limited In size as follows:

Record of :data deck - D(500) jdeviation* - XDEKV(500)

autocovariances - CX(500)
autocorrelations - R11(500)window weights - W(252)
Smothed Spectral Estimates - CIII(800)
Smoothed Spectral Density Estimates - I= (SO)selected lag windows - LV(4)

4.3 Subroutine FILTER

Called by GrIDAT. FILTER is a dumy subroutine which allowsthe user to Incorporate a numer of filter options ab may he desired. The
required filter my then he selected by setting the parameter? PIn thedata tile to the appropriate ades. Pal Is nominated as a default value .
an Indicates that no filtering of the data Is required and that all the
data Is to he used.

4.4 Suboutine MULC~t

VULCOR s bsdo flowchart ""TLCO of Jekn nWatts 11 (app. .3)). The calculations of the *awl* meani and the deviations
in the ass- as equations (4) a-d CS) respectively. The calculations

ae' &&Imtor and the act use equations (7) and (3) respectively.

r NOW
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4.5 Subroutines AUSPEC

AUSPEC is based on the flowchart AUTOSPEC of Jenkins and
Watts [I (app.7.1)]. The SSE and SSDE calculations use equations (10)
and (12) respectively and the selected window is called according to
the parameter LAGWIN.

4.6 Window Subroutines

Subroutines RECT, BART, TUKEY and PARZEN represent the
Rectangular, Bartlett, Tukey and Parzen lag windows respectively. The
weighting functions for these windows are as given in Table 1, a sumary
of lag window properties. The resolution bandwidth, degrees of freedom,
and asymptotic variance are all calculated within the appropriate
window subroutine.

4.7 Input Data Description

The following parameters are used as inputs and are made
available to the main program by the subroutine GETDAT:

(a) N - total number of values in the data deck. 4
4

(b) NOOLS - number of colns of the data deck.

(c) M - the number of resolution bandwidths to be used in windoving
exercises. (It is suggested that Mk-3 be used normally in

overlayed spectral plot. Set lU-i for window carpentry

exercises).

(d) M a constant which defines the maximum value of the truncation
lag number, L. (MADM is used in the switching logic in
SPECA to determine whether window closing or window carpentry
exercises are to be performed once LOOP has been identified

as .TRUE. In window closing exercises, L is successively
halved, as can be seen in Figure 2. whereas in window
carpentry exercises, L remains constant and equal to MAXD.
It is recommnded that the initial value of MADE be chosen
to be approximately N/4, noting that SPECAN requires MADE
to be a ultiple of 2n if M1 - n+l, where n is an integer).

(e) DELTA - sampling interval.

(f) XI - the number of frequency values at which the spectral estimate
is to be considered. (Normally 2-to-3 times MAX [11).

(g) P is a parater specifying which filter, if any, is required.
Default PI : no filtering, all data is used. (Filters -

to be supplied by users).

(b) I5(1), LW(2), L5(3). LW(4) : the lag window selection indices in
order of use. (The window are selected according to the
parmter LAGWIX in the main program, as follows:

LMGUN - LV(J), J-1 .... 4

where L.(J) - I : Parzen window
L5(J) - 2 : Tuky wimdow
15(J) - 3 : Bartlett window
U(J) - 4 : Rectangular window). h

4 V
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For example:-

M(i) 1 0 : window closing (M1>1) using Parzen window;
no window carpentry.
ie. LAGWIN - LW(1) - 1.

(1i) 4 1 3 0 window closing (M>) using Rectangular
window; or window carpentry (MN -1) between
Rectangular, Parzen and Bartlett windows.
ie. LAGWIN - LW(I) - 4

- LX(2) - I

- LA(3) - 3.

(i11) 0 2 3 4 LAGWIN - LW(1) = 0, is a run termination
condition as no lag window has been specified
for first use. (Note that LAGUIN - LW(J) 4 0
and LAGHIN - LW(J) > 4 are general termination
conditions).

(i) N(1), XN(2) ... ,N(N): the data deck. Great care should be taken
to avoid data errors as the spectrum can be quite sensitive
to them.

4.8 Output Data Description

Important statistical information and select data parameters
are automatically printed into the ACSL print file IOR20.DAT, providing an

" echo-check of N.M,MAXM.DELTA.NF,P and L*CW11, as well as recording the
following information:

(a) DEMAN - the data mean, x, as calculated by equation (4).

(b) CZX() - the data variance for zero lag, c__(0). as calculated by
equation (6). /

(c) FM - the Nyquist frequency. fm " as calculated by equation (1).

(d) TR = the total length of the data record. TV, as calculated
by equation (2).

(e) SWIM - the resolution bandwidth, as defined in Table 1.£
(f) DOF = the degrees of freedom, as defined in Table 1.

(g) AV - the asymptotic variance, as defined in Table 1.

(h) UWNL - the Upper White Noise Li4mit, corresponding to the 95Z
white noise upper limit, as calculated by equation (3).

(1) L - the truncation lag nmber for the respective resolution
bandwidth.

V;. Additional output my be selected at run-drive time by ACSL
comands [2) provide one or more combinations of the following output
possibilities:

(1) data printout and plot (XT versus DATUM, with or without
',LA- overlaved);

(ii) deviation printout and plot (rTDEv versus DATUM);

d

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -• ..• .TASIm•IIIlll1 lll
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(iii) acvf estimate and plot (CXX2 versus K);

(iv) acf estimate and plot (RXXK versus K, with or without the
952 white noise confidence limits overlayed);

(v) lag window weighting printout and plot (WK versus K) for

individual windows or for window carpentry;

(vi) SSE printout and plot or log plot (CBXXF versus F);

(vii) SSDE printout and plot or log plot (R3JF versus F);

(viii) options (vi) and (vii) may be plotted as individual plots or
overlayed for window closing using several bandwidths.

The above options are the most comonly used [1]. However,
the use of ACSL provides the user with a wide range of output options and
modes of presentation, which are not normally available without
considerable additional dedicated programing. Plots which are requested
are automatically plotted into the ACSL plot file. FOR22.DAT.

4.9 Validation Test

In order to attain a reasonable level of user confidence
in the progran, a suitable practical example given in Jenkins and Watts
[1]. namely the spectral analysis of the batch data, was used as a test
case to validate SPECAN. The results obtained from SPECAN agreed

extremely well with those provided in Jenkins and Watts.
5. AN EXAMPLE OF A SPECTRAL ANALYSIS USING SPECAN

The following example is a brief spectral analysis of
some aircraft vibration test data and is presented here in order to
illustrate the use and scope of SPECA. Evaluation and interpretation
of the results obtained is limited to that which is considered necessary

to describe certain characteristics of SPECAN and ACSL.

The data for this analysis arose from accelerometers
responding to a bonker rocket firing to port with 200 lb thrust for
50 usec. The accelerometers were mounted on the aircraft fin and rudder.
while the bonker rocket was mounted at the rudder born balance. The data
was recorded at intervals of 20 matc, and therefore represents an example
of a discrete time series as values were only obtained at specific
intervals of time. The input data file AVT.DAT for the preliminary
analysis Is included in Appendix B.

5.1 Preliminary Analysis

By choosing the input data values with careful regard to
section 4.7, it is possible to conduct a complete preliminary analysis
with one run of SPECAN. The run-drive comands for the preliminary
analysis are listed in Appendix B.

* t
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5.1.1 Data

Figure 3 illustrates the time series of the aircraft
vibration test data as generated by SPECAN, vith the data mean shown
overlayed. As no obvious trends or periodicities were revealed and
the time series appears reasonably uniform about the mean, the data
is assumed to be representative of a stationary tine series and filtering
may be considered unnecessary.

5.1.2 Pilot Spectrum

An immediate consequence of the stationarity assumption
above is that both the acvf and the acf are functions of only the lag [13.
It therefore makes little difference which of the two functions is used
to determine the spectrum, as the acf is simply a normalized acvf, as
defined in section 2.7. The acf is used here as an intermediate step in
the estimation of the spectral density function, and also as a guide for
designing a spectral analysis.

As N-250 data points. the initial value of MAXM was chosen
as 60 by the relationship reconmended in section 4.7(d), hence the acf
estimate was computed up to L-60 lags in SPECAN to achieve the pilot
spectrum shown in Figure 4. Note that the spectral density has been
plotted on a logarithmic scale. The Tukey lag window was used, and NF
was chosen as 150 in accordance with section 4.7(f).

The bandwidth and 802 confidence interval shown on the
pilot spectrum constitute a pair of "tolerance limits". The conversion
from degrees of freedom to confidence interval is explained by Jenkins
and Watts [M], and the conversion graph from that reference Is presented
as Figure 5.

Important points to note from Figure 4 and the computer .
print-out for the preliminary analysis, which is included in Appendix B.
are that:

(I) the AV is quite large (0.180). which suggests that some of
the smaller peaks my be spurious;

(ii) The DOF is small (11), such that the 802 confidence interval
is quite wide. Indicating that the large peaks are real, while
the validity of the others is questionable;

(III) ShIM is quite mall (0.0222 cps) with respect to the important
detail In the spectrum, imdicating poor stability or instability.

5.1.3 Semle Autocorrelation Fumction

The sample acf for the aircraft vibration test data is
plotted in Figure 6. while a computer print-out of the preliminary analysis
in Appeadli b lists the first 60 lags. Tib 95Z white noise confidence
limits are shown superimposed over the sample acf in Figure 7 as a test

* 4
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for white noise. For the window closing exercise, the truncation lag
numbers, L, of 8, 16 and 32 have been chosen, where (AXM - 32; noting
the discussion in section 4.7(d).

5.2 Smoothed Spectral Density Estimates

The SSDE were computed while the Tukay window was closed
through the selected values of L. They are plotted together in Figure 8
by using the ACSL FTSPLT facility. The window resolution bandwidth and I
802 confidence intervals are shown for each truncation lag number. A
computer print-out of the results from SPECAN is included in Appendix B.
The number of frequency values. NF, was chosen as 80 in accordance with
section 4.7(f), so that for this run of SPECAN the following input
parameters were adjusted:

(i) in AVT.DAT : NAN - 32, T =80

(ii) at run-time : FTSPLT - .T.
LOOP - oT.
CINT - 0.02.

Note: CINT is the ACSL communication interval parameter [21 and is set

to the default value of 1.0. SPECAN is written such that if the sampling
interval of the data, DELTA, is not equal to unity, than CINT must be set
at run-time to be equal to DELTA, otherwise the run will be aborted and
an error message will he displayed, as shown in Figure 2.

5.3 Interpretation of the Smoothed Spectral Density Estimates

5.3.1 Fidelity

From an inspection of Figure 8, it is clear that the
resolution bandwidth corresponding to the estimate for L-8 is too wide '
to reveal all the detail in the spectrum, while the estimate for L-16
tends to under-estimate the peaks. If the width of a peak is measured
by the distance between the half-power points [11. it can be seen in
Figure 8 that the resolution bandwidth for MM - L - 32 is slightly less
than the width of the narrowst peak. and therefore high fidelity is
implied.

5.3.2 Stability

The variance of the estimates is a indication of stability.
The variance decreases with Increasing DOF (Figure 5) while the DOF in
turn increases with the nmber of sa les. N (Table 1). On the other hand,
'OF decreases with increasing lag nmber, L. This contrats with the q.. -
resolution bandwidth, in section 5.3.1 above, which decreases with
increasing L. Thus the choice of the truncation la umber reflects a
compromise between Fidelity and Stability.

Note: As the SSDE for L-32 is relatively smooth and exhibits high fidelity
and good stability, there appears to be so benefit in closing the Tukey
window any further. I

tt
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5.3.3 Resolution

An indication of good resolution is the fact that the
resolution bandwidth for L-32, using the Tukey window, is slightly less
than the width of the narrowest important peak in the spectrum. In
general, high fidelity implies good resolution.

5.3.4 Bias

Bias is a measure of the offset distortion of the smoothed

spectral estimate from the true spectrum. The total error in the spectral

estimate is a combination of the variance of the estimate and the bias
error. While variance may he decreased (and stability increased) by
increasing the resolution bandwidth (decreasing L), this has the effect
of increasing bias. A compromise is therefore required, keeping in mind

also the requirement for good resolution (and fidelity) discussed above.
The topic of bias is more fully covered in Jenkins and Watts [1].

5.3.5 Aliasing

As the topic of aliasing with respect to spectral analysis
is adequately discussed by Jenkins and Watts [11 and other authors, such
as Kanasevich [3], and Dendat and Piersol [4]. it will he suffice to say
that inspection of Figure 8 does not reveal any detail to suggest the
presence or possibility of aliasing.

5.3.6 Frequency Limit

The highest frequency which may be reliably detected
corresponds to the Nyquist Frequency.

5.4 Example of Window Carpentry

Recall from section 3.2 that the Tukey and Parzen windows /
are comparable. It can he shown in a similar way to the following comparison.
that these windows have very similar performances. For this reason, and
because results from the Tukey window have already been illustrated in
Figure 8. the Tukey window has been omitted from the following window
carpentry example.

Using the data of the aircraft vibration test. the SSDE'a
were computed for the Rectangular. Bartlett end Parsen windows, and are
plotted together in Figure 9. It Is readily sees that the Rectangular
windo performs badly by exhibiting much greater Instability characteristics
than either the Bartlett or Parsen windows, which dislay reasonable shapes
and have similar performances.

When comparing the reisuts obtaied in window closing
(Figure 8) against those in window carpentry (Figure 9). it is necessary
to mphasize that it is the choice of window resolution bandwidth - not
the choice of window shape - that Is the Important question in the design
of a spectral analysis. A computer printout containing the important
Informtion associated with Figure 9 is included in Appendix 5.

.... ... ... .... -- : --... .. .. .. ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _U
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5.5 Sumnary

A spectral analysis of data provided from an aircraft
vibration test has been conducted as an example in the use of SPECAN.
Filtering was considered unnecessary as no trends or periodicities were
detected in the data. The pilot spectrum, obtained as a preliminary
analysis using a truncation lag number of 60. exhibited high fidelity
but displayed signs of instability. The sample acf was examined and
new truncation points selected such that NAXII - 32 was used. The Tukey
lag window was then closed over the SSDE, resulting in the estimate
corresponding to L-32 being identified as possessing high fidelity, good
resolution, good stability, low variance and reasonably small bias.

Window carpentry was illustrated and the importance of
choosing the correct resolution bandwidth (truncation lag number), rather
than the window shape, was emphasized. The Rectangular window was shown
to be unsuitable for this analysis because of its instability characteristics.

6. CONCLUSION

A program in ACSL, which has been written to perform the
analysis of stochastic time series on the ARL DEC Systea-10 computer, has
been documented in this Memorandum. The program has been based on the
text of Jenkins and Watts, and has been previously validated by using an
example provided therein. An example of a spectral analysis using the
program has been presented. The use of ACSL requires little programing
effort and provides the user with flexibility in selecting various outputt | options with different modes of presentation.

" I

i V
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APPENDIX A

DIALOGUE FOR LOADING SPECAN AT TELETYPE TERMINAL

To obtain a run version of SPECAN. the procedure illustrated
below should be followed when using the teletype terminal. Note that the
user subroutines are grouped together in the file SPECTL.SUB.

.RU MUS:ACSL

*SPECAN

ACSL MODEL FILE: SPECAN.CSL

LIST ON FILE: SPECAN.LST
COMPILE FROM: SPECAN.FOR

LIST OPTNS USED: ET

END OF EXECUTION

CPU TIRE: 16.20 ELAPSED TIME: 56.82
EXIT

.CON SPECAN

FORTRAn: SPECAN
MAIN.

ZZSIML
ZZDERV

.COA SPECTL.SUB

FORTRAn: SPECTL
GETIAT
FILTEP

MULCOP
AUSPEC
RECT
DART
TUkEv
PARZEO

.LOAD SPECAN,SPECTL,NUS:CAPPLT.NUS:ACSLID/SEARCH
LINk: Loading

EXIT

SPECA* saved

I
i
I '
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IS.I

3.1

3.1 Data file AVT.DAT for preliainary analysis

250 1 PUMPER OF DATA POINTS
10 : NUMBER OF COLUMNS IN DATA TABLE
;o a NUMBER OF IAND)IDTHS
60 NAXINUM VALUE OF TRUNCATION LA6 NUNIER
0.0? :SANPLIN6 INTERVAL
150 NUMBER OF FREQUENCY POINTS
I FILTER TYPE

2 0 0 0 LA6 VINDOUS DESIRED (IST., 2ND.. 3RD., 4TH.)

DATA DECK:

29.0 30.0 32.0 21.0 2.5 6.5 25.0 39.0 46.0 43.0
26.5 28.5 32.0 45.0 40.0 37.5 33.0 27.0 20.0 14.5
9.5 16.5 19.5 26.0 27.5 27.0 27.5 32.5 35.5 39.5

39.0 35.0 30.5 31.0 30.5 30.0 26.0 26.5 28.5 29.5
33.5 31.0 28.0 28.0 28.5 29.0 28.5 28.0 26.5 27.0
20.5 30.0 30.5 30.5 29.5 26.0 32.0 35.0 36.5 33.01 27.0 24.0 25.0 26.0 28.5 25.5 22.5 23.5 24.0 20.5
33.5 29.0 29.5 30.0 31.0 28.0 26.0 28.5 33.5 30.0
26.0 23.0 24.5 26.5 25.5 25.0 30.0 33.0 30.5 28.0
26.5 25.0 28.0 35.0 20.0 23.0 18.0 25.0 29.5 29.0
29.0 28.5 29.5 31.0 2b.0 26.5 23.0 28.0 28.0 27.0
25.5 24.5 25.5 27.0 30.0 29.5 29.0 29.0 28.5 30.5
29.0 26.5 25.5 2a.0 29.0 29.0 26.5 26.5 25.5 25.5
25.0 25.0 26.5 30.0 30.0 29.0 24.5 26.0 28.0 30.0
29.0 27.0 26.5 26.0 31.5 29.6 26.0 24.0 23.0 27.5
31.0 34.0 30.0 27.0 22.0 23.0 24.0 24.5 25.5 29.0
28.5 27.0 23.0 25.5 29.0 32.0 36.5 34.0 30.5 27.0
22.5 24.0 24.5 25.5 28.0 27.5 27.0 27.5 27.5 27.5
25.0 23.0 26.5 30.0 35.0 26.0 23.5 22.0 24.0 30.0
30.5 31.0 31.5 29.0 26.0 26.5 27.5 29.0 27.0 26.0
22.5 29.0 31.5 30.0 2..5 25.0 25.5 26.5 20.0 30.5
34.0 30.0 2a.5 27.0 29.0 31.0 29.5 28.5 29.0 27.0
25.0 26.0 28.0 30.0 30.5 29.0 23.0 26.0 30.0 30.5
30.5 31.5 30.0 26.5 28.0 29.5 30.0 31.0 27.5 24.0

29.5 29.0 28.5 27.0 26.0 27.5 30.0 35.0 31.5 26.0

b&



B.2

3.2 Run-drive commnds for erelizinary analysis

RU SPECAM

ACSL>SET 7ITLE:AT: PRELIMINARY ANALYSIS'

ACSL>PREPAR DATUN,XT,XNEAN,K,RXXK,UUNL,LUNL,F,RDXXF

ACSL)SET CINWO0.02

AC SL. IART

ZFRSOP4 File was not found
Unit-1 DSK:FORO1 .3AT/ACCESSUSEGINIIODE-ASCII

Enter now file specs. End with an $(ALT)
SAVT .DATS

ACSL>PRIOT RXXh.DA7IUM.XT.F.R1XXF J

ACSLSET PRNPLWz.F.

ACSL>SET CALPLT:.T.

ACSL>SET 77LCPLx.F.

ACSL)SET DEFPL7z.7.

ACSL>PLOT *XAXIS'=DA1U,XNEAN,1I'lu5..G,LO':O.O

ACSL>SE7 DEFPLr:.F.

ACSL.PLDT 'XTAG '" - TIME ISECS)",X7

ACSL>PLOT 1XAX1S"%F. 1746--" (CPS) ",R3XXF,ILO8,'LO'sO.07,'I4Il2.O

ACSL>S(T I1NCPL-6.0

ACIL)SET TIIICPLx7.0

ACSL)SET *PCCPL21

F:ACSL>PLOT *XAXIS'* ..X1A6'* tLA6) ",XMI'a6O.@,RXXK,'LO'.-O.4,141'z1.O

ACSL)SE 3fFPLT*.T.

ACSL>PLOI '1141 zO.C.UWiNL.'LOu...Q.4,'NI'm..

ACOPO - - '



B.3

ACSL>SE7 DEFPLT=.F.

ACSL>SEl LINCPL-.F.

ACSL)SEl STNICPL..

ACSL)PLOT 'XH1"60.O,'XTA6t3= (LAG) ",RXXK,'LOz-O.4,'HI'uI.O,ICMAR'-"(

ACSL>STOP

STOP

END OF EXECUTION
CPU TINE: 24.73 ELAPSED TIME: 11:21.58
EXIT

.2'



B.4

B.3 Results of preliminary analylss

An abbreviated version of the results from the preliminary
analysis of the aircraft vibration test data is presented below. The
relevant ACSL output file is FOR20.DAT.

SET TITLE:'AVT: PRELIMINARY ANALYSIS"
PREPAR

SET CINT:0.02
START

NUMPER OF DATA POINTS (N): 250
SAMPLING INTERVAL (DELTA,: .02
MAXIMUM VALUE OF THE TRUNCATION LAG NUMBER flAIM): 60
MURDER OF FREQUENCY POINTS (NF): 150
FILTER TYPE SELECTED (P): INTIUIS1 FREQUENCY IFN) FOR TRUE DELTA: 25.0 CPS

RECORD LENGTH (TR) OF DATA: 5.000
DATA REAN (XMEAP): 28.1
DATA VARIANCE IE. ZERO LA6 (CXX(O)): 21.651599
951 UHITE NOISE CONFIDENCE LIUTS ON ATt 41-.i265

NURSER OF IANDUIDTHS (AN): I

LAG UINDOU SELECTED (LAGUIN): 2I| | BANDWIDTH (DUIDTN): .0222 CPS

DEGREES OF FREEDOM (DOF): 11.1
ASYMPTOTIC VARIANCE (AV): .1800
TRUNCATION POINT (L: 60

PRINT RXXK.DATUA,XTF,RIXXF

LINE 311K DATUM XT F R8XXF
0 1.0000000 0.0200000 29.000000 0. 1.9825040
1 0.6776018 0.0400000 30.000000 0.0033333 1.1915490
2 0.1741039 0.0600000 32.000000 0.0066667 1.6651210
3 -0.1613204 0.0O00000 21.000000 0.0100000 1.3338790,
4 -0.2193142 0.1000000 2.5000000 0.0133333 0.9742'79
5 -0.08229*4 0.1200000 6.5000000 0.0166667 0.6462264

26 0.0141755 0.5800000 35.500000 0.0933333 0.7140036
29 -4.315E-04 0.6000000 39.500000 0.0966667 0.7190t01
30 0.0030183 0.6200000 39.000000 0.1000000 0.7945514
31 0.0312460 0.6400000 35.000000 0.1033333 1.05294C0
32 0.0455422 0.6600000 30.500000 0.1066667 1.6207240

60 0.0024020 1.2200000 27.000000 0.201000 2.4568150

ISO 0.0024028 3.0200000 31.000000 0.5010001 0.2263515:

246 0.00,24029 4.00000 31.500000 0.5000001 0.22,355.1
249 0.002020 5...0. ..000000 0.5000001 O.:2'3553



B.5

SET PRNFLT=.F.
SET CALFLI=.I.
SET 7TLCFL=.F.
SET DEFPLT=.T.
PLOT "XAXIS":DATUf.XIEAN..HU:'5.,L0:O.O
SET DEFPLT=.F.
PLOT 'XTAG- - TIME (SECS)-,XT
PLOT "XAXIS".F,-XTAG -' (CPS) ,IRBXXF,'LO6'.'LO'=0.O7.'I~i =12.0
SET XINCPL-6.0
SET YINCPL=7.0
SET NPCCPLzl
PLOT "XAXIS"=K.-XTAG z"(LAG) ",'XNJ:60.O,RXXK,-LO-:=c .4, 'HI =1.0
SET DEFPLT:.T.
PLOT 'XNI:=60.0.UWNL, LO t-O.4, iiI =1.0
PLOT XIII z6O.OLitL, LO *-O.4.tlI'=l.0
SET DEFPLT:.F.
SET LINCPL-.F.
SET 5TIICPLr.T.
PLOT 'XHI--6O.O, XTA6- (LAG) *,RXXK,'LO':-O.4, HVI-.0,'CMAR
STOP



B6 .6

B.4 Results of window closing

The results of the window closing exercise in obtaining the
smoothed spectral density estimates is presented below. The relevant
ACSL output file is FOR2O.DAT. Note that output of the co-ordinates F and
RIMP has not been requested by either an OUTPUT or PRINT command and hence
they have been suppressed.

SET IIILEWAVT: WINDOw CLOSING"

PREPAR F.RaXXF
SET CINT=O.02
SET FTSPLT=.T.
SET LOOP=.T.
SET ISTOP=E*
START

* NUMBER OF DATA POINTS I: 250
* SAMPLING INTERVAL (DELTA): .02

MAXIMUM VALUE OF THE TRUNCATION LAG NUMBER (MAXR): 32
NUMBER OF FREQUENCY POINTS (NF): 80

FILTER TYPE SELECTED (): 1
NYOUIST FREQUENCY (FN) FOR TRUE DELTA: 25.0 CPS
RECORD LENGTH iTR) OF DA : 5.000
DATA MEA1 (IREAN): 28.1
DATA VARIANCE IE. ZERO LAG (CXX(O)): 21.651599

95Z UNITE NOISE CONFIDENCE LIMITS ON ACF: +/-.1265

NUMBER OF BANDWIDTHS (N): 3
LAG UINDOw SELECTED (LAGUIN): 2
BANDUIDTH (8MIDTH): .0417 CPS

DESREES OF FREEDOM (DOF): 20.8
ASYMPTOTIC VARIANCE (AV): .0960

TRUNCATION POINT (L): 32

NURBER OF BANDWIDTHS IN#): 2

LAG VINDOW SELECTED (LA6I4N): 2
8ANDUIDT (SWIDTM): .0833 CPS
DE6REES O

r 
FREEDOM (DOF): 41.7

ASYMPTOTIC VAkIANCE (AW): .0480
TRUNCATIOS POINT (L: 16

NUMBER OF SAPOWIDTHS (RN1): I
LA6 UINDOW SELECTEI (LASUIN): 2

SANDUIDYT (UIIYTN): .1667 CPS
IESREES 0; FREEDOM (DOF): 83.3 4..., -
ASTOPTOTIC VARIANCE (AV): .0240
TRUNCATIOP F;NT (L): 8

SET PRNPLT2.r.
SET TTLCF.:.r.
SET CALFL't.'.
PLOT ")AIS'SF. )1AG (CPS) ',R9XXF,'LOG','LOs0.07.'NI x12.0

STOP

''

-* ---
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B.7

B.5 Results of window carpentry

The results of the window carpentry example discussed in
section 5.4 are presented belov. Comparison vith the Tukey vindow can be
handled by considering the results In Appendix B.4 with respect to those
listed here. The relevant ACSL output file is FOR2M.DAT.

SET TITLL*'AYT% VINDOU CARPENTRY'
PREPAR F,RDXXF
SET CINT=O.02
SET LOOPz.T.
SET FTSPLT:.T.
SET ISTOPzS1
START

NUMBER OF DATA POINTS (N): 250
SAMPLING INTERVAL (DELTA): .02
MAXIMUM VALUE OF THE TRUNCATION LAG NUMBER (flAXN): 32
NUMBER OF FREQUENCY POINTS (NF): 80
FILTER TYPE SELECTED (P): I
NYGUIST FREQUENCY (FN) FOR TRUE DELTA: 25.0 CPS
RECORD LENSTh (TR) OF DATAi 5.000
DATA MEAN (XREAN): 28.1
DATA VARIANCE IE. ZERO LAG (CXX(O)): 21.651599
951 UHITE NOISE CONFIDENCE LIRITS ON ACF: */-.1265

NURSER OF SANDVIDTHS (RN): 1
LAG UINDOU SELECTED (LAUIN): I
DANDUIDTH (BUIDTN): .0561 CPS

DEGREES OF FREEDOR (DOF): 29.0
ASYMPTOTIC VARIANCE (AV): .0690
TRUNCATION POINT (L): 32

NURSER OF SANDUIDTNS (N): I

LAG UINDOU SELECTED (LAUIN): 3
BANDUIDTH (BUIDTH)t .0469 CPS

DEGREES OF FREEDOR (DUT): 23.4
ASYRPTOTIC VARIANCE (AV): .0053
TRUNCATION POINT (L): 32

MURDER OF DANUIDTHS (RN): I
LAG UINDOW SELECTED (LAGUIN): 4
DANDUIDTH (1WIDTH)t .0156 CPS
DEGREES OF FREEDOR (DOT): 7.6
ASTRPTOTIC VARIANCE (AV): .2560
TRUNCATION POINT (L): 32

SET PRNPLT:.F.

SET TTLCPLz.F.
SET CALPLT:.T.
PLOT "XAXIS-:T. XIA6 ' (CPS) *,R1XXF,'LO6','LOuw.O7.l'I :12.0
STOP

-p -- ---.e -----. m-m - -m i -- mnm
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FROM zlmctrxvz

GETCAT

On 

STARTC DELTA?

F m
CALL muLcon

URI= CommWANT
PARAMETERS

NORMTR I
LAG Wi="

IE. J-IFD

tA(3M- LW(J) TRtJE

FALSE
LAGWIN IC AN ;TRUE

-*TNRUMIC
< Lw(j) IC FALSE

CALL AUSPEC

WRITE 
VARIABLE 

MN > 0? 
FALSE 

FALSE q FAL=

PARAMETERS J > 4? TRUE

MATCH DATA MN. - IMW I
ARRAY ELEMENTS
WITH DEPENDENT
VARIABLES L-L/2

WEITZ OUTPM
A PREPAR LISTS

OWFALSE WIND
STOP? CrA)sn4G

CARPENTRY
TRUE FALSE

Wop? TRVK L-MAX147
AXD M-17

VRM samoltli
MESSAGE

RETURN TO
mawmin

FIG. 2s FlOwch&rt fcc SPBCAN.CSL
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